Abstract. The waste material from palm oil industry has been increasing since Malaysia was the world largest exported of palm oil mill. The waste such as palm fibers, nut shells, palm kernel and empty fruit bunches are the solid waste the obtained from palm oil processing for oil extraction. When these wastes were incinerated, the waste from the burning process known as boiler ash was obtained at the lower compartment of the boiler. The production of boiler ash was estimated to be over 4 million tones/ year. This paper investigates the influence of dolomite on the mechanical properties of boiler ash based geopolymer pastes. The boiler ash was calcined at 800ºC for 1 hour. After that, the dolomite was replaced in boiler ash at 1, 2, 3, 4 and 5% wt where the geopolymer samples were cured 80 ºC. Sodium silicate and sodium hydroxide (NaOH) with concentration 12 Molar has been used as alkaline activator to synthesis the boiler ash to produce geopolymer paste. The ratio of solid/liquid and sodium silicate/NaOH was 1 and 2.5 for all geopolymer paste. The result showed the addition of dolomite has decrease the strength of boiler ash based geopolymer. The geopolymer sample without addition of dolomite showed the maximum compressive strength (19.4 MPa) at 28 days testing. Meanwhile the addition of 4% of dolomite into geopolymer paste has the maximum compressive strength (7.3 MPa) compared to others. Additions of dolomite into boiler ash based geopolymer have reduced the compressive strength at 28 days of testing.
Introduction
Boiler ash or palm ash was widely produced in Malaysia where it was estimated more than 4 million tones per year [1] . The boiler ash was obtained from burning the palm fiber and kernel shells in the boiler where it consists of clinkers and ashes [2] . The large production of this waste material was due to the fact that Malaysia is one of the major exporter and producer of palm oil in the world [3] . In order to overcome this problem, the boiler ash has been used as cement replacement in the production of concrete [4] [5] , as filter in wastewater treatment [1] and for geopolymer composite [6] [7] . Nowadays, the issue of producing environmental friendly product has been taken into serious consideration especially geopolymer. The geopolymer which signify the cement-like materials was produced by using alumino-silicate materials and activated with alkaline activator [8] [9] [10] .
The previous study about the addition of calcium containing mineral into geopolymer had influenced the geopolymer structure and properties [11] [12] [13] [14] . It was found that the addition of 1% until 3% of calcium compound (calcium oxide and calcium hydroxide) has improved the harden time of fly ash based geopolymer at ambient temperature [15] . The addition of calcium compound had enhanced the dissolution of fly ash in alkaline activator and hence increased the rate of geopolymerisation reaction. The addition of 3% calcium oxide and calcium hydroxide had contributed the maximum compressive strength for fly ash based geopolymer [15] .
Meanwhile for metakaolin based geopolymer, the addition of dolomite about 20% had increased the compressive strength and if more than 20% reduced the strength of the geopolymer [16] . In this paper the effect of natural calcium compound (dolomite) on the strength of boiler ash based geopolymer will be studied.
Experimental Procedure
Materials. The boiler ash was obtained from palm oil processing factory in Penang, Malaysia and it was used as the main material to produce geopolymer. Then, the raw boiler ash was grinding to obtain more fine particles and sieved through 100 µm sieve to remove coarser particles as in Fig. 1(a)-(b) . Subsequently, the boiler ash was calcined at 800 ºC for 1 hr to increase the reactivity. The dolomite was obtained from quarry in Perlis, Malaysia. Mix Design and Samples Preparation.The boiler ash based geopolymer was produced using mix design of solid/liquid (S/L) and sodium silicate/ NaOH of 1 and 2.5. The dolomite was added 1 wt% until 5 wt% for each sample as summarize in Table 1 . The sodium silicate and NaOH were mixed together as alkaline activator. Then, the solid materials (boiler ash and dolomite) were mixed and the alkaline activator was added. After that, the geopolymer mixture were placed in 50mm x 50mm x 50mm mould and cured at 80 ºC for 24 hr. The compressive strength was tested on three hardened geopolymer samples at 28 days and the average strength was calculated. Table 2 below where it major composition is silica oxide (SiO 2 ), followed by calcium oxide (CaO), ferum oxide (Fe 2 O 3 ), and potassium oxide (K 2 O). Meanwhile Fig. 2 shows the XRD diffractograms, the major peak at 2θ = 28º was belonged to quartz phase. Other than that, cristobalite which represent the minor crystalline also was detected. Compressive strength. The compressive strength of geopolymer paste with different percentage of dolomite (1%, 2%, 3%, 4%, and 5%) after 28 days is shown in Figure 3 . From the result it displayed different result when dolomite was added to metakaolin or fly ash based geopolymer. The strength of boiler ash has been decreased rapidly when dolomite was added. The control sample which only contained boiler ash had strength 19.4 MPa at the testing day. The maximum compressive strength of geopolymer sample with dolomite is 7.3 MPa (4% dolomite). However, the addition of dolomite up to 5% has reduced to 7.0 MPa of strength boiler ash based geopolymer. This may be due to lacked development of three-dimensional geopolymeric aluminosilicate network when dolomite was added 10 Advanced Materials Engineering and Technology II [16] .This result has showed that the addition of dolomite into boiler ash based geopolymer did not improve the compressive strength as previous researchers [16] [17] found in fly ash and metakaolin based geopolymer. 
Conclusion
From this study it can be concluded that by added dolomite (1%-5% wt) into boiler ash based geopolymer had reduced the compressive strength at 28 days of testing. The addition of dolomite has disturbed the formation of three-dimensional geopolymeric aluminosilicate network which has influence the strength of geopolymer.
